The possibility of separation of the ideal conductive and
  superconductive (Meissner state) phase transitions. 2. Physical consequences
  following from the paramagnetic effect by Gevorgyan, S. G.
ON THE POSSIBILITY OF SEPARATION  
OF THE “IDEAL CONDUCTIVE” AND “SUPERCONDUCTIVE”  
(MEISSNER  STATE) PHASE TRANSITIONS. 
2. PHYSICAL CONSEQUENCES FOLLOWING  
FROM THE “PARAMAGNETIC” EFFECT 
S.G. GEVORGYAN 
In the first part of this work an overview of the available data on the recently discovered in 
superconductors “paramagnetic” effect has been made and a possible explanation of the effect has 
been given. Here the consequences caused by this weakly expressed phenomenon and following 
from the analysis of the shape of the transition curve, are discussed, and the conclusions based on 
the test-data are formulated, important for true understanding of the nature of superconductivity.  
 
1. INTRODUCTION 
We would like to remind that in the first part of this work [1] we presented and discussed in detail all available 
at the moment experimental test-data on the “paramagnetic” effect. At this, we put large attention on details of the 
measuring set-ups allowing us to reveal and study this unusual effect, as well as mentioned the peculiarities of samples 
and specified the conditions under which the effect was observed, which all are important for true understanding of the 
nature of this new effect. We gave also a possible explanation of the effect (not pretending, at this, on the finality of 
understanding of the phenomenon). Below, the possible consequences caused by this effect are given and discussed, as 
well as the conclusions directly following from the analysis of the experimental data are formulated.  
2. CONSEQUENCES FOLLOWING FROM THE EXPERIMENT 
In our opinion, the collected data on the “paramagnetic” (PM) effect discovered in “helium” (low-temperature) 
superconductors [2] and investigated then in more detail in high-Tc superconductors (HTS) [3-5] (mainly, due to 
created by us new test-device of high resolution [6,7] measuring the superconducting (SC) properties of the matter, 
based on the single-layer flat pick-up coil − see first part of this work), are already enough, in order to deeply explain 
the physics of the SC phase transition (formation of Cooper pairs and possible changes in their behavior at further 
cooling of the sample − especially, at temperatures close to the transition) and make conclusions and new assumptions. 
In particular, this new effect (more precisely, the transition curve shape corrected by it), apparently, enables to separate 
Journal of Contemporary Physics Izvestiya Natsional’noi Akademii 
(Armenian Academy of Sciences) Nauk Armenii, Fizika 
Vol. 38, No. 2, pp. 45-50 , 2003 Vol. 38, No. 2, pp. 123-129, 2003
UDC 538.945  
 2003 by Allerton Press, Inc. 
Authorization to photocopy individual items for internal or personal use, or the internal or personal use of specific clients, is granted by Allerton Press, Inc. for libraries 
and other users registered with the Copyright Clearance Center (CCC) Transactional Reporting Service, provided that the base fee of $50.00 per copy is paid directly 
to CCC, 222 Rosewood Drive, Danvers, MA 01923. 
45 
Journal of Contemporary Physics Vol. 38, No. 2 
(Armenian Academy of Sciences)  
 46
from each other the “ideal conductive” (the state without resistance) and “superconductive” (the ideal diamagnetic − 
Meissner state) phase transitions and connect the shape of the transition curve with some normal-state physical 
characteristics of the material under study.  
Really, the shape of the function BTTTA c +− ))(( 0  fitting the initial part of the measured SC phase transition 
curve shown in the inset of Fig.1 (fitting an onset of the “paramagnetic” effect), suggests that the temperature 
dependence of the “normal” charge-carrier density )(Tnn  (entering into the formula (1)  
 ωπσδ )(2)( 1 TcT =  (1) 
for the skin depth δ  [8], as a part of the normal conductance τσ ⋅= ])([)( 21 mTneT n  − see the first part of this work) 
cannot has the simplified form γ)()( cn TTnTn ⋅=  assumed by the traditional “two-fluid” model [9], but, more likely, 
it is more complex. This dependence near the transition can be given, for example, by the relatively complex function  
 })(])[(])({[)( 00 nTnTTTTTTnTn rescccn +−⋅−⋅≅
γγ ,    cTTT <<0 , (2) 
where 2=γ  (the substantiation see in the first part of this work), ,0)( ≅cres Tn  and the senses of cT  and 0T  is given 
below. 
 
Fig.1. Superconductive phase transition curve of the tested YBaCuO film [4-5]. Inset: the enlarged view of a weakly 
expressed “paramagnetic” effect (PE) detected at the start of normal-to-superconductive transition, followed by the 
“diamagnetic” (Meissner) repulsion. APE  is the height of the effect and the bold line represents the fitting. 
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The residual density of “normal” charge carriers in this formula, ),(Tnres  is a slowly rising function of the 
temperature, at a cooling. It is negligibly small for low-Tc superconductors (LTS). However, as is known [10−13], in 
high-Tc superconductors the residual resistance may become noticeable in many practically important applications of 
these materials, due to the presence of the “normal” fluid even at the absolute zero temperature ).0( =T  In order to 
explain its appearance, a “three-fluid” model was proposed in [10,11] based on the concept of “non-pairing” residual 
normal charge carriers, ),0(0 =≡ Tnn resres  at that, ).(const
0 Tnres ≅    
Temperature dependence of the form (2) means that the “normal” charge carriers (electrons) start (at the 
temperature ∼cT 88.7K − see Fig.5 in the first part of the work) and, mainly, finish the fulfilling of their physical 
‘mission’ in a narrow temperature region 0TTc →  (where ∼0T 85.4K is the temperature at the peak of the PM effect), 
and their density noticeably drops as the temperature of the specimen approaches 0T  (since )()( 00 TnTn resn ≅ , 
according to Eq. (2)). Therefore, the totality of pairs with a density )(Tns  in the first approximation already advances 
in formation when the temperature approaches .0T  At this temperature the substance, apparently, begins to possess an 
unusual property. Namely, a noticeable part of pairs (from all the pairs created in the substance) start to correlate 
strongly to one another. Thus, already at these temperatures, the base of formation of the Bose condensate of Cooper 
pairs is lied, which may come out from the nulling of the total “spin” of these pairs, at 0T  approach (along with the 
nulling of the momentum of the pairs started for created first pairs since the temperature has been dropped down ,cT  
notifying the start of phase transition into the “ideal conductive” state in the substance). We suppose that the 
accumulation of some (minimal necessary) amount of SC pairs in a zero-“spin” (singlet) state, as the temperature 0T   
is approached (in a medium, where pairs are present, both in the singlet and triplet states at any non-zero temperature 
below ),cT  is just the reason leading to the start of the ideal diamagnetic (“superconductive”) phase transition in a 
substance, as the temperature 0T  is approached. As this temperature is approached, the substance already makes the 
progress in passing into the “ideal conductive” state, due to enough amount of the ideally conducting Cooper pairs 
created in it (the particles with a zero momentum and, hence, with an infinitely large de Broglie wavelength, owing to 
which the pairs succeed in moving in the substance, “ignoring” defects and impurities of the crystalline structure). This 
is in good agreement with data presented in Fig.2, where the temperature-transition curves are shown for a YBaCuO 
bridge ( 2.0≈w mm wide and 4≈L mm long, made of 2.0≈d µm thick film, identical to the one mentioned in Fig.1, 
by the chemical etching method), measured simultaneously by the standard 4-probe technique (resistance) and by our 
new test-method (by the frequency-change of the tunnel diode-based oscillator (diamagnetic ejection). One can see 
from the figure that the transition by the resistance already almost accomplishes (more than 80%) before the start of the 
transition by the diamagnetic properties. In other words, the ejection of the testing radio-frequency field of the coil by 
the sample (transition of the bridge into the Meissner state) starts when the specimen is already almost in the state 
without resistance. A little difference ∼0.7K between the temperatures of the start of the Meissner effect and nulling of 
the bridge’s resistance is conditioned, most probably, by worsening of the SC properties of the material along edges of 
the bridge during its preparation. A better coincidence might be expected, if more clean and homogeneous specimens 
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are measured. However, for a more precise understanding of the relative positions of the resistive and diamagnetic 
(Meissner) phase transitions it is necessary to conduct the measurements on high-Tc superconductive single crystals. 
But this is not so easy to do, because of very weak signals expected to detect from such small-volume (clean) physical 
objects. Although, according to our last experimental estimations [14], this task is quite “feasible” (from the viewpoint 
of higher spatial resolution of measurements) for a little improved present test-method based on a smaller (of about 
1mm in diameter) flat pick-up coil. 
 
 
 
Fig.2. Superconductive phase transition curves of the YBaCuO bridge ( 2.0≈w mm wide, 4≈L mm long, and 
2.0≈d µm thick), made by the chemical etching of high quality film, measured simultaneously. Inset: the enlarged 
view of the curves close to the transition (before the diamagnetic ejection).  − standard 4-probe technique 
(resistance).  ο − new test-method based on a flat pick-up coil, schematically shown in Fig.1 of the first part of this 
work (by the frequency-shift of the tunnel diode-based oscillator − diamagnetic ejection).  
 
Further cooling of the sample below 0T  leads, most likely, to the changes in the behavior of the SC matter 
described by the commonly known BCS theory (working well in the case of “helium” (simple) superconductors [15]) 
on the basis of still existing in the matter (but, a few) “normal” charge carriers (decreasing by the law 
;)(])([)( 0
0
0
0 γTTnTnnTn resresresn ⋅−+≅  ),0TT <  and already formed in the substance large amount of the Cooper 
pairs with a density ,)(])([)()( 0
0
0
0 γTTnTnnnTnnTn resresresns ⋅−−−≅−=  ),( 0TT <  where the number of the 
Journal of Contemporary Physics Vol. 38, No. 2 
(Armenian Academy of Sciences)  
 49
“non-paired” residual “normal” charge carriers 00 ≠resn  for “nitrogen” (complex, “oxide”) SC (for comparison, 
00 ≡resn  for “helium” superconductors). 
Stated above conclusions come out from the corrected shape of the SC phase transition curve (Fig.1) and are 
opposite to the commonly recognized conceptions, according to which the positions of the resistive and diamagnetic 
transitions practically coincide (that is, ),0 cTT ≅  and the number of the Cooper pairs increases at cooling, according 
to the simple law ])(1[)( γcs TTnTn −⋅=  [9], starting with the onset temperature of the superconductive transition cT  
(in our notations − according to the law ],)(1[)( 0
γTTnTns −⋅=  and starting with the temperature ).0T   
In conclusion, we underline that just the corrected (by the new “paramagnetic” effect) shape of the SC phase 
transition curve of the matter (Fig.1) leads to the idea that temperatures cT  (start of the PM effect − the onset point of 
divergence of the curves in Fig.5 of the first part of the work) and 0T  (peak of the PM effect) determined by it are 
connected with two “ideal” properties of the SC matter (and phase transitions conditioned by them). So, the first 
temperature )( cT  points out to the start of the ideal conductance (evidently, connected with the start of formation of the 
Cooper pairs from free electrons with opposite momenta), and the second one )( 0T  – announces the onset of the ideal 
diamagnetism (with zeroing of total “spin” of the noticeable part of pairs). In addition, according to Eq. (1), initial part 
of the transition curve caused by the PM effect should be connected with such an important normal-state characteristics 
of the SC mutter as m  (effective mass of an electron), τ  (relaxation time of charge carriers) and nn  (density of 
“normal” charge carriers).  
How much such an interpretation of physical processes determining the “real” (corrected by the “paramagnetic” 
effect) shape of the normal-to-superconductive phase transition curve is true, as well as, is the relation predicted by  
Eq.(1) between the shape of the transition curve and the normal-state physical characteristics of the matter correct, will 
show additional investigations in this area. The final answers on these questions may be obtained as a result of 
additional experimental investigations on single-crystalline HTS specimens, with the use of the measuring technique 
with much higher spatial resolution (for example, similar to the one used in the present study, but having the sizes of a 
flat pick-up coil of about 1 mm or less). 
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